Background: Chronic postherniorrhaphy groin pain (CPGP) is a debilitating condition, which is often refractory to conservative medical management. To our knowledge, there have been no studies directly comparing landmarked-based and ultrasound-guided approaches in this population. Objective: To compare the effectiveness of landmark-based and ultrasound-guided ilioinguinal/ iliohypogastric nerve blocks in the treatment of CPGP. Study design: This is a retrospective chart review of patients who presented to our tertiary care pain medicine clinic with a diagnosis of CPGP. Inclusion criteria were the following: age 18 years, diagnosis of groin pain, and prior history of herniorrhaphy. Exclusion criteria included those who were seen for initial consultation but were lost to follow-up. Primary outcomes were 50% or greater reduction in pain on visual analog scale (VAS). Secondary outcomes were 30% or greater reduction in VAS pain score, changes in VAS pain scores, and reported complications. Results: A total of 36 patients were included in the study. Of them, 20 patients underwent the landmark-based and 16 underwent the ultrasound-guided techniques. There was no significant difference in baseline demographics. The average VAS score preinjection was 7.08 in the landmark-based and 7.0 in the ultrasound-guided groups (P=0.65). A total of 14 patients (70%) in the landmark-based and eleven patients (79%) in the ultrasound-guided groups experienced at least a 50% reduction in VAS scores. There was no statistically significant difference between the two groups (P=1.0), and no complications were noted. We also did not find a significant difference in terms of number of patients with 30% or greater reduction (P=0.71) and changes in VAS pain scores (P=0.64). No complications were reported in either group. Conclusion: In our study, there was no statistically significant difference between the landmarkbased and ultrasound-guided groups in terms of a reduction in VAS pain scores, and no complications were noted in either group.
Introduction
Chronic postherniorrhaphy groin pain (CPGP) is a common and debilitating condition that occurs with a prevalence of 15%-53%. 1 While no specific guidelines exist in the treatment of CPGP, according to the European Federation of Neurological Societies (EFNS), the treatment of "traumatic and postsurgical neuropathic pain" includes medical management and the use of neuropathic pain medications such as gabapentin and tricyclic antidepressants. 2 When these medications do not provide adequate reduction
Dovepress

768
Trainor et al in pain, other more invasive therapeutic interventions may be indicated. Ilioinguinal/iliohypogastric nerve blocks (IINBs) with local anesthetic and corticosteroid can be effective in treating CPGP refractory to medical management. 3 The two most common approaches for performing IINBs are the landmark-based and ultrasound-guided techniques. In the acute setting, studies have shown that using ultrasound provides more effective analgesia and higher satisfaction of analgesia compared to the landmark-based technique, 4 but to our knowledge, there have been no studies directly comparing landmark-based versus ultrasound-guided nerve blocks in the chronic groin pain population.
Study design
After obtaining approval from the Mayo Clinic Institutional Review Board (IRB), we performed a retrospective chart review to identify patients who presented to our tertiary care outpatient pain medicine clinic from November 2001 to November 2011 with a diagnosis of postherniorrhaphy groin pain. Obtaining written informed consent for this study was unnecessary, as the study involved the retrospective review of patients' data. Using the Mayo Clinic Life Sciences System Data Discovery and Query Builder, we searched for the text phrases "inguinal pain", "groin pain", and "postherniorrhaphy pain" mentioned in the outpatient pain medicine clinic notes within the electronic medical record during that time period. Our initial search returned 1,090 unique medical record numbers that met our inclusion criteria of age 18 years, diagnosis of groin pain, and prior history of herniorrhaphy. We then performed a second data query to exclude those patients who were seen for initial consultation but were lost to follow-up, which reduced the number of unique medical record numbers to 428. Following the second data query, we executed a manual chart review to identify the patients who failed standard medical therapy and eventually underwent either landmark-based or ultrasound-guided IINBs as definitive therapy. Using the Microsoft Access database management system, we recorded patient demographics, pre-and postinjection visual analog scale (VAS) pain scores, and use of surgical mesh.
The primary outcome of interest was the number of patients with 50% or greater reduction in VAS pain score. The secondary outcomes were 30% or greater reduction in VAS pain score, changes in VAS pain scores, and reported complications (colonic/small bowel puncture, damage to vascular structures, or femoral nerve block). Due to the small number of patients included in this study, we conducted univariate analyses by comparing patient demographics and outcomes between two interventions. Nonparametric Mann-Whitney U tests were used for continuous variables and chi-square tests, and Fisher's exact tests (n#5) for dichotomized variables. All statistical analyses were conducted using STATA version 13.1 (StataCorp, College Station, TX, USA).
Results
A total of 36 patients were included in the study. Of them, 20 patients underwent landmark-based injections, and 16 patients were treated with ultrasound-guided injections. There was no significant difference between the two groups in age, sex, obesity, opioid use, number of surgeries, and use of surgical mesh ( Table 1 ). The initial VAS pain scores were 7.08 for the landmark-based injection group and 7.00 for the ultrasound-guided injections group (P=0.65).
A total of 14 patients (70%) in the blind injections group experienced at least 50% reduction in pain, compared to eleven patients (79%) in the ultrasound-guided injections group (Table 2 ). There was no statistically significant difference between the two groups (P=1.00). We also did not find significant difference in terms of number of patients with 30% or greater reduction (P=0.71) and changes in VAS pain scores (P=0.64). No complications were reported in either group.
Discussion
The ilioinguinal and iliohypogastric nerves are the implicated structures in CPGP. Both arise from the anterior division of the first lumbar vertebrae; course anterior to the psoas, quadratus lumborum, and iliacus; and pierce the transversus abdominis near the anterior portion of the iliac crest. The ilioinguinal nerve then pierces the internal oblique muscle and accompanies the spermatic cord through the superficial inguinal ring, while the anterior division of the iliohypogastric nerve pierces the obliquus internus and externus above the superficial inguinal ring and provides sensation to the skin of the pubic region. The proximity of these structures to the inguinal region makes them susceptible to injury during herniorrhaphy repair and can lead to chronic pain in a significant percentage of this 
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landmark-based vs ultrasound-guided injections for cPgP population. 1 While the mechanism of postherniorrhaphy neuropathic groin pain has not been defined, several theories exist and include direct intraoperative nerve injury, tension on the ilioinguinal and iliohypogastric nerves created by postsurgical changes, and an inflammatory reaction to implanted mesh. 5 Moreover, the independent risk factors for the development of CPGP included younger age (,40 years), body mass index greater than 25 kg/m 2 , and the use of a surgical propylene radomesh. 6 In patients affected by this debilitating condition, IINBs are a reasonable option for treatment in those who have failed conservative medical management. 3 Landmark-based IINBs have reported failure rates of 10%-25% in the literature. 7 According to Golfeld et al, 8 this may be due to anatomic variations in the ilioinguinal and iliohypogastric nerves, with only 41.8% of patients having nerves that course in the manner described in anatomy texts. In the landmark-based technique, the needle is inserted 2 cm medial and 2 cm superior to the anterior superior iliac spine. An initial pop sensation is felt as the needle penetrates the external oblique aponeurosis, and approximately one half of the local anesthetic and corticosteroid is injected at this location. The needle is then advanced deeper where a second pop is felt when the aponeurosis of the internal oblique is punctured and the bevel of the needle lies in the fascial plane between the internal oblique and transversus abdominis. This is commonly referred to as the transversus abdominis plane (TAP) and is the region where the ilioinguinal and iliohypogastric nerves are located. The remainder of the local anesthetic and corticosteroid is injected in this fascial plane. Commonly, a total volume of 10 mL or greater is injected. 7 The use of this technique requires an experienced proceduralist with excellent palpatory skills to appreciate the pop as the needle moves through the aponeurosis of the external and internal obliques to ensure that the medication is injected in the proper fascial plane and that the risk of complications is minimized. Multiple complications have been reported using the landmark-based technique. These include colonic or small bowel puncture, 9,10 damage to vascular structures resulting in hematoma, 11 and inadvertent femoral nerve 
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The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. In contrast, with ultrasound training, the proceduralist can guide the needle to the TAP and visualize the flow of medication in real time, theoretically providing more consistent and accurate delivery of the medication, although this did not impact the outcomes of this study. Using this technique, a high-frequency linear probe is placed in an oblique orientation along a line connecting the anterior superior iliac spine and the umbilicus. Then, using sonographic guidance, the needle is advanced into the TAP where the ilioinguinal and iliohypogastric nerves are visualized and the local anesthetic and corticosteroid are subsequently injected (Figure 1) . Given more accurate needle placement, smaller volumes of injectate are used in the ultrasound-guided technique (3-4 mL compared to 10 mL or greater with the landmark-based approach). 8, 13 In some circumstances, it may not be possible to directly visualize the nerves in the TAP. In this situation, Doppler testing can be helpful in identifying the branch of the deep circumflex artery, which lies in the same plane and runs parallel to the ilioinguinal nerve. 8 Due to the small number of participants in this study, there were no significant differences in pain reduction when comparing the landmark-based and ultrasoundguided techniques. Nevertheless, direct visualization of the nerves, arteries, and TAP by ultrasound may lead to a more precise injection and may be the reason for improvement in a larger percentage of patients in the ultrasound-guided group. There may be a trend toward significance, but with our small patient numbers, no statically significant difference was appreciated. Similarly, direct visualization of the needle with ultrasound guidance may help to minimize the risk of complications when compared to the landmarkbased technique. Yet, this study is too small to make that statement given the lack of complications in both groups. As complications related to this procedure are rare, large numbers of patients would be required to detect a significant difference in complications.
Conclusion
Our study did not show a statistically significant difference in pain reduction when comparing landmark-based and ultrasound-guided IINBs. No complications were noted in either group. However, this was a retrospective study with small patient numbers. Larger prospective studies are needed to investigate whether there is a difference in efficacy and risk between these two methods for the treatment of CPGP.
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